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II r\ PHOTOELECTRIC .CONVERTING APPARATUS . %J 

BACKGROUND OF THE INVENTION 
Field of the Invention 
5 The present invention relates to a photoelectric 

converting apparatus including a sensor unit and a 
memory unit. 
Related Background Art 

As one of conventional amplification type 
10 photoelectric converting apparatuses having sensor 

■3-=r 

-J? units, transfer units, and memory units, a CMOS 

^ inverting amplifier type sensor has been proposed in 

iy Japanese Patent Application Laid-open No. 09-200629, 

S3 for example. The circuit arrangement of this 

UJ 15 conventional sensor apparatus is shown in Fig. 1. In 

C3 

ig this drawing, reference numeral 1 denotes a PN 

photodiode for performing a photoelectric converting 
(transfer) operation; 2, an amplifying MOS transistor 
for constituting an inverting amplifier; 3, a switch 

20 MOS transistor for supplying an output derived from a 
pixel to a vertical signal line 28; and 4, a resetting 
MOS transistor for resetting a potential of the 
photodiode. These circuit elements 1 to 4 constitute 
one pixel 5. Also, reference numeral 6 denotes a load 

25 MOS transistor of the inverting amplifier, and this 

load MOS transistor 6 is provided every vertical line. 
Reference numeral 7 denotes a transfer gate used to 
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transfer pulses 0 SL1 and 0 PS1 which are employed to drive 
the respective pixels. The transfer gate 7 is 
controlled by a vertical scanning circuit 8. These 
circuit elements 1 to 8 constitute a sensor unit. 
5 Also, reference numeral 9 denotes a switch MOS 

transistor for entering an output signal derived from a 
pixel of the sensor unit into a transfer unit; 10, a 
clamp capacitance; and 11, another switch MOS 
n transistor for entering thereinto a clamp potential V GR . 

[7; 10 Reference numeral 12 denotes an amplifying MOS 

^ transistor of a source follower; 13, a constant current 

j=S source of the source follower; 14, a switch MOS 

W transistor for feeding back an output derived from a 

S3 clamp circuit to a pixel of the sensor unit; 15, a 

£fl 

hj 15 switch MOS transistor for entering an output derived 

from a memory circuit to the clamp circuit; and 16, 
another switch MOS transistor for supplying an output 
signal derived from the clamp circuit to a memory pixel 
21. These circuit elements 10 to 13 constitute the 

20 clamp circuit used to eliminate noise. Furthermore, 
the circuit elements 9 to 16 constitute the transfer 
unit. Also, reference numeral 17 denotes a memory 
capacitance; 18, an amplifying MOS transistor of the 
inverting amplifier; 19, a switch MOS transistor used 

25 to read an output signal derived from the memory pixel 
to the vertical signal line; and 20, another switch MOS 
transistor used to enter an output derived from a pixel 
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of the sensor unit, or from the transfer unit into the 
memory capacitance. These circuit elements 17 to 20 
constitute a memory. Reference numeral 23 denotes a 
transfer gate for transferring memory drive pulses 0 PS2 
5 and 0 SL2/ and this transfer gate 23 is driven by a 

vertical scanning circuit 24. Also, reference numeral 
22 denotes a load MOS transistor of the inverting 
amplifier, and a single load MOS transistor 22 is 
provided every column. These circuit elements 17 to 24 

10 constitute the memory unit. 

Reference numeral 25 denotes a horizontal 
selection MOS switch. The horizontal selection MOS 
switch 25 is controlled by a horizontal scanning 
circuit 26 in such a manner that the output signals 

15 derived from the respective memory cells are outputted 
via an output amplifier 27 to an external circuit in a 
serial form. 

In this conventional CMOS inverting amplifier type 
sensor, as to the pixel cell of the sensor unit and the 

20 memory of the memory unit, since the circuits for 

constituting the inverting amplifiers are completely 
identical to each other, these inverting amplifier 
circuits are designed by employing the same parameters 
(for example, L, W, C ox of MOS transistor). 

25 However, the gain of the inverting amplifier for the 
pixels of the sensor unit is equal to that of the 
inverting amplifier for the memory of the memory unit 
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under such a condition that the circuits of the above- 
mentioned conventional sensor are not operated. As a 
result, this conventional sensor owns the below- 
mentioned drawbacks. 
5 That is, in the case that the conventional sensor 

circuit is actually operated, since the gain of the 
signal outputted from the pixel of the sensor unit is 
different from that of the signal outputted from the 
P memory of the memory unit, noise cannot be correctly 

10 removed. 

It should be noted that a gain obtained under such 
a condition that the circuit is not operated will be 
referred to as a "DC gain", whereas another gain 
obtained under such a state that the circuit is 
15 actually operated will be referred to as an 11 AC gain" 
in the below-mentioned description. 

Also, for example, when the conventional 
photoelectric converting apparatus is employed as an 
auto-focus (AF) sensor of a single-lens reflex camera, 
20 there are other drawbacks that precision of an AGC 
( automatic gain control ) circuit and also precision 
achieved under low brightness photographic condition 
would be deteriorated. 



25 



SUMMARY OF THE INVENTION 

An object of the present invention is to provide a 
photoelectric converting apparatus capable of correctly 
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removing noise - 

To achieve the above-described object, according 
to one aspect of the present invention, there is 
provided a photoelectric converting apparatus 
5 comprising: a sensor unit including a plurality of 

pixels each having at least photoelectric converting 
means and first amplifying means for amplifying a 
signal derived from the photoelectric converting means 
to output the amplified signal; and a memory unit 

10 including a plurality of memories each having at least 
storing means for storing thereinto the signal derived 
from the sensor unit and second amplifying means for 
amplifying a signal derived from the storing means to 
output an amplified signal; wherein a gain of the first 

15 amplifying means is made different from a gain of the 
second amplifying means. 

Other objects and features of the present 
invention will become apparent from the following 
specification and the accompanying drawings. 

20 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 schematically shows a circuit diagram of 
the conventional photoelectric converting apparatus; 

Fig. 2 schematically represents a circuit diagram 
25 of a photoelectric converting apparatus according to a 
first embodiment through a third embodiment of the 
present invention ; 
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Fig. 3 indicates an operation timing chart for 
explaining operations of the photoelectric converting 
apparatus shown in Fig, 2; and 

Fig. 4 is an explanatory diagram for 
illustratively explaining the operations of the 
photoelectric converting apparatus shown in Fig. 2. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Fig. 2 is a drawing for representing a 
photoelectric converting apparatus according to a first 
embodiment, which may best show a feature of the 
present invention. The photoelectric converting 
apparatus includes, as shown in Fig. 2, a sensor unit 
for converting light into an electric signal to output 
the electric signal, a memory unit for storing 
thereinto the electric signal derived from the sensor 
unit, and a transfer unit for transferring a signal 
outputted from the sensor unit to the memory unit. In 
this drawing, reference numeral 1 denotes a PN 
photodiode for performing a photoelectric converting 
(transfer) operation; 2, an amplifying MOS transistor 
for constituting an inverting amplifier; 3, a switch 
MOS transistor for supplying an output derived from a 
pixel to a vertical signal line 28; and 4, a resetting 
MOS transistor for resetting a potential of the 
photodiode. These circuit elements 1 to 4 constitute 
one pixel 5. Also, reference numeral 6 denotes a load 
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MOS transistor of the inverting amplifier, and this 
load MOS transistor 6 is provided every vertical line. 
Reference numeral 7 denotes a transfer gate used to 
transfer pulses 0 SL1 and 0 PS1 which are employed to drive 
5 the respective pixels. The transfer gate 7 is 

controlled by a vertical scanning circuit 8. These 
circuit elements 1 to 8 constitute the sensor unit. 
Also, reference numeral 9 denotes a switch MOS 
f2 transistor for entering an output signal derived from a 

r™l 10 pixel of the sensor unit into the transfer unit; 10, a 

clamp capacitance; and 11, another switch MOS 
transistor for entering thereinto a clamp potential V GR - 
« Reference numeral 12 denotes an amplifying MOS 

C3 transistor of a source follower; 13, a constant current 

yj 15 source of the source follower; 14, a switch MOS 

f 3 

v g transistor for feeding back an output derived from a 

=s.Ls 

clamp circuit to a sensor cell; 15 shows a switch MOS 
transistor for entering an output derived from a memory 
circuit to the clamp circuit; and 16, another switch 

20 MOS transistor for supplying an output signal derived 
from the clamp circuit to a memory 21. These circuit 
elements 10 to 13 constitute the clamp circuit used to 
eliminate noise. Furthermore, the circuit elements 9 
to 16 constitute the transfer unit. Also, reference 

25 numeral 17 denotes a memory capacitance; 18, an 

amplifying MOS transistor of the inverting amplifier; 
19, a switch MOS transistor used to read signal derived 
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from the memory capacitance 17 to the vertical signal 
line; and 20, another switch MOS transistor used to 
enter an output derived from a pixel of the sensor 
unit, or from the clamp unit into the memory 
5 capacitance. These circuit elements 17 to 20 

constitute the memory 21. Reference numeral 23 denotes 
a transfer gate for transferring memory drive pulses 
0 PS2 and 0 SL2/ and this transfer gate 23 is driven by a 
q vertical scanning circuit 24. Also, reference numeral 

10 22 denotes a load MOS transistor of the inverting 
lg amplifier, and a single load MOS transistor 22 is 

?1 provided every column. These circuit elements 17 to 24 

w constitute the memory unit. Reference numeral 25 

52 denotes a horizontal selection MOS switch. The 

UJ 15 horizontal selection MOS switch 25 is controlled by a 

ij 

\§ horizontal scanning circuit 26 in such a manner that 

the output signals derived from the respective memory 
cells are outputted via an output amplifier 27 to an 
external circuit in a serial form. 

20 The photoelectric converting apparatus of the 

present embodiment is characterized in that a DC gain 
of an inverting amplifier of a pixel is made different 
from an AC gain of an inverting amplifier of a memory. 
Hereinafter, a description will now be more 

25 specifically made of a method for differing the gain of 
the inverting amplifier according to this embodiment. 
That is, in the circuit shown in Fig. 2, assuming that 
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a stray capacitance between the vertical output line 
and the photodiode is C ss/ a capacitance of this 
photodiode is C PDS , another stray capacitance between 
the vertical output line and the memory capacitance is 
5 C SM/ a capacitance of the memory capacitance is C PDM , the 
AC gain of the inverting amplifier of the pixel 
employed in the sensor unit is G ACS/ the AC gain of the 
inverting amplifier of the memory employed in the 
f~j memory unit is G ACM , the DC gain of the inverting 

i7l 10 amplifier of the pixel employed in the sensor unit is 

^ G DCS , and also the DC gain of the inverting amplifier of 

the memory employed in the memory unit is G DSM . 
« The AC gain G ACS of the pixel, and the AC gain G ACM 

C3 of the memory are given as follows: 

CO 

W 15 G ACS = (C PDS + C ss ) / <C PDS + (1 + G DCS )C SS } • G DCS (1) 

S G ACM = (C PDM + C SM ) / {C PDM + (1 + G DCM )C SM } ♦ G DCM (2) 

As a consequence, in order to make the AC gain G ACS 
of the inverting amplifier coincident with the AC gain 
G ACM/ both the DC gain G DCS of the inverting amplifier and 
20 the DC gain G DCM may be determined which may satisfy the 
below-mentioned formula ( 3 ) : 

(C PDS + C ss ) / {C PDS + (1 + G DCS )C SS } * G DCS = 
(C PDM + C SM ) / {C PDM + (1 + G DCM )C SM } * G DCM (3) 
The photoelectric converting apparatus of this first 
25 embodiment is characterized in that the size 

(dimension) of the amplifying MOS transistor 2 of the 
pixel employed in the sensor unit is made equal to the 
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size of the amplifying MOS transistor 18 of the memory 
employed in the memory unit, whereas the size of the 
load MOS transistor 6 of the pixel employed in the 
sensor unit is made different from the size of the load 
5 MOS transistor 22 of the memory employed in the memory 
unit. More specifically, it is preferable to 
manufacture both the amplifying MOS transistor 2 and 
the amplifying MOS transistor 18 by the minimum rule of 
f 3 the manufacturing process thereof in view of 

r\ 10 sensitivity. Also, since the memory capacitance 17 is 

larger than the capacitance of the photodiode 1, 
JfO lowering of the gain caused by the adverse influence 

W made by the stray capacitance is small. As a 

£3 consequence, a size relationship between the MOS 

Ly 15 transistor 6 and the MOS transistor 22 may be set as 

sS follows: 

W 6 / L 6 < W 22 / L 22 , 
assuming that a gate width of the MOS transistor 6 is 
W 6/ a gate length of this MOS transistor 6 is L 6 , a gate 
20 width of the MOS transistor 22 is W 22 , and a gate length 
of the MOS transistor 22 is L 22 . 

If the gate width W 6 is made equal to the gate 
width W 22 , then the gate lengths may be set as follows: 
L 6 > L 22 

25 Alternatively, if the gate length L 6 is made equal 

to the gate length L 22 , then the gate widths may be set 
as follows: 



w 6 < w 22 

Next, a signal flow of the photoelectric 
converting operation by the photoelectric converting 
apparatus according to the first embodiment will now be 
summarized with reference to a schematic diagram of 
Fig. 4. 

(1) First, noise N s of the sensor unit is read out 
from the sensor unit, and then, is transferred to a 
transfer system, 

(2) In the transfer system, noise N T of the 
transfer system is added, and noise (N s + N T ) is 
inputted to the sensor unit. 

(3) The noise N s of the sensor unit is added to an 
inverted output -(N s + N T ) , and finally noise -N T is 
outputted from the sensor unit. This noise -N T is sent 
to the transfer system. 

(4) In the transfer system, this noise -N T is 
inverted into an inverted signal N T , and then noise N T 
of the transfer system is added to this inverted signal 
N T to obtain noise 2N T which is sent to the memory unit. 

( 5 ) The sensor unit is entered to a light signal 
accumulation operation period (noise N s + N T is left in 
sensor unit). During this light signal accumulation 
operation period, a signal corresponding to the signal 
charge accumulated in the sensor unit is read out. 
This output signal corresponds to (S 1 - N T ), and is 
transferred to the transfer system. 
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(6) In the transfer system, noise N T of the 
transfer system is added to the signal ( -S x - N T ) to 
obtain a signal -S x . This signal is outputted as a 
signal during the light signal accumulation operation 

5 period. 

(7) In the sensor unit, the light signal 
accumulation operation is furthermore carried out, and 
a signal corresponding to a signal charge accumulated 

q after the accumulation operation period is accomplished 

uj 10 is read out, and then this read signal is stored into 

the transfer system. This output signal is ( -S 2 - N T ). 

(8) Noise N M of the memory unit is added to the 
^ y inverted signal -2N T derived from the memory unit to 
P produce noise ( — 2N T + N M ) * Then, this noise is read 
W 15 into the transfer system. 

ig (9) In the transfer system, a subtraction process 

is carried out by subtracting the signal ( -S 2 - N T ) from 
the noise ( — 2N T + N M ), and the noise N T of the transfer 
system is added to the subtraction result to obtain a 
20 signal (S 2 + N M ) which is transferred to the memory 
unit . 

(10) The noise N M of the memory unit is added to 
the inverted signal ( -S 2 - N M ) derived from the memory 
unit to thereby output an addition result ( -S 2 ) . 
25 Referring now to Fig. 2 and Fig. 3, the above- 

described operations (1) to (10) of the photoelectric 
converting apparatus will be described more in detail. 
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First of all, while both a signal 0 RS and another 
signal 0 PS1 are set as "H" levels, the sensor unit is 
reset . 

Next, after the signal 0 PS1 is set to an "L" level, 
5 the signal 0 GR is set to an "H" level. At this time, 
signals 0 FT1 and 0 FT2 are maintained under "H" level 
states. As a result, an electrode provided on the side 
of the common output line of the capacitance 10 in the 
transfer system is set to the potential of V RS , and 

10 another electrode of the capacitance 10 is set to the 
potential of V GR . 

Furthermore, after the signal 0 GR is set to an "L" 
level and the signal 0 RS is set to an "L" level, while 
both the signal 0 SL1 and the signal 0 L1 are set to "H" 

15 levels, the sensor noise output from the sensor unit 

after being reset is read to the common output line ( at 
this time, sensor noise is read out as N s ). The 
foregoing operations correspond to the operations 
defined in the above item ( 1 ) . 

20 Since the potential at the common output line is 

varied by the sensor noise component N s , the potential 
at the other electrode of the capacitance 10 set under 
stray condition is also varied by the sensor noise 
component N s . In such a case that the signal 0 FT1 is set 

25 to an "L" level, both the signal 0 SL1 and the signal 0 L1 
are set to " L" levels, the signal 0 FB1 is set to an " H 11 
level, and furthermore, the signal 0 PS1 is set to an "H" 
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level, the sensor noise N s is transferred from the 
transfer system to the sensor unit. At this time, 
since the noise N T of the transfer system is 
additionally provided with this sensor noise N s , finally 
5 the noise of (N s + N T ) is inputted to the sensor unit 

(namely, sensor cell transfer operation of noise). The 
foregoing operations correspond to the operations 
defined in the above-explained item ( 2 ) . 

Next, while both the signal 0 FT1 and the signal 0 FB2 

10 are set to "H M levels, and furthermore the signal 0 GR , 

the signal 0 SL1 and the signal 0 LS are set to "H" levels, 
the noise N s of the sensor unit is added to the inverted 
output signal -(N s + N T ) to eventually output noise -N T 
from the sensor unit. This noise -N T is sent to the 

15 transfer system. At this time, a potential at the 
electrode provided on the side of the common output 
line of the capacitance 10 employed in the transfer 
system is varied by the noise component -N T . On the 
other hand, a potential at the other electrode of this 

20 capacitance 10 is fixed to V GR . In addition, while the 
signal 0 GR is set to an "L" level, the other electrode 
of the capacitance 10 is brought into a stray condition 
(namely, noise reading operation). These foregoing 
operations correspond to the operations defined in the 

25 above-described item (3). 

Next, while both the signal 0 RS and the signal 0 PS2 
are set to "H" levels, a potential at the electrode 
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provided on the side of the common output line of the 
capacitance 10 employed in the transfer system becomes 
V RS/ and is varied by the noise component N T . As a 
result, a potential at the other electrode of the 
5 capacitance 10 is similarly varied by the noise 

component N T , and the noise N T is transferred from the 
transfer system to the memory unit. At this time, 
since the transfer system noise N T of the transfer 
system is added to this transferred noise N T , noise 2N T 

10 is eventually entered into the memory unit (namely, 
memory transfer operation of noise). The foregoing 
operations corresponds to the operations defined in the 
above-explained item ( 4 ) . 

Subsequently, the sensor unit is entered into the 

15 light signal accumulation operation period, and then, 
this sensor unit reads signals corresponding to signal 
charges accumulated in the sensor unit during this 
light signal accumulation operation period in the 
below-mentioned manner. 

20 That is, while the signal 0 GR is set to an "H" 

level (at this time, signal 0 RS is maintained at "H" 
level ) , a potential at the electrode provided on the 
side of the common output line of the capacitance 10 of 
the transfer system is set to V RS and a potential at the 

25 other electrode of the capacitor 10 is set to V GR . 

Furthermore, the signal <£ GR is set to an "L" level, a 
potential at the other electrode of the capacitor 10 is 
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set to a stray condition. Thereafter, when the signal 
0 SL1 and the signal 0 LS are set to "H" levels, the noise 
N s of the sensor unit is added to the inverted output 
-(S x + N s + N T ), so that a signal ( -S 1 - N T ) is 
5 eventually outputted from the sensor unit to be 

supplied to the transfer system. These foregoing 
operations correspond to the operations defined in the 
above-described item ( 5 ) . 
^ Since a potential at the electrode provided on the 

5; is? 

^ 10 side of the common output line of the capacitance 10 

^ employed in the transfer system is varied by the signal 

%B component (S 1 - N T ) , a potential at the other electrode 

LJ of the capacitance 10 is also varied by the same 

O potential component to become V GR + (S 1 — N T ) * In such 

y 15 a case that a signal is transferred from the transfer 

system, since the noise N T of the transfer system is 
v ~ added to this signal, a signal -S x is eventually 

outputted from the transfer system. The foregoing 
operations correspond to the operations defined in the 
20 above-described item ( 6 ) . 

Next, the light signal accumulation operation is 
further carried out in the sensor unit. After this 
light signal accumulation operation period is 
completed, when the signals 0 SL1 , 0 LS , 0 GR , and 0 FT2 are 
25 set to "H" levels, a potential at the other electrode 
of the capacitance 10 of the transfer system is fixed 
to V GR , and the potential at the electrode provided on 
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the side of the common output line of the capacitance 
10 is varied from V RS by the signal component ( -S 2 - N T ) . 
It should be noted that the signal ( -S 2 - N T ) is equal 
to such a signal produced by adding the noise N s of the 
5 sensor unit to the inverted output -(S 2 + N s + N T ) 

derived from the sensor unit. The foregoing operations 
correspond to the operations defined in the above- 
described item ( 7 ) . 

Next, when the signals 0 SL2 and 0 LM are set to "H" 

iJ 

H 10 levels, while the noise N M of the memory unit is added 

I. Li 

: ^=j to the inverted signal -2N T derived from the memory 

UJ unit, a signal ( — 2N T + N M ) is read out to the electrode 

lU provided on the side of the common output line of the 

£3 capacitance 10 employed in the transfer system (at this 

y 15 time, the other electrode of capacitance 10 of the 

Iq transfer system is brought into stray condition). The 

foregoing operations correspond to the operations 
defined in the above-described item ( 8 ) . 

As a result, since the potential variation of the 
20 electrode provided on the side of the common output 

line of the capacitance 10 becomes -(-S 2 - N T ) + ( — 2N T + 
n m) = S 2 " n t + n m' the potential variation of the other 
electrode of the capacitor 10 similarly becomes (S 2 - N T 
+ N M ). When the signals 0 FB2 and 0 PS2 are set to "H" 
25 levels, a signal (S 2 - N T + N M ) is transferred from the 
transfer system to the memory unit. At this time, 
since the noise N T of the transfer system is also 



# » 

- 18 - 



produced, a signal (S 2 + N M ) is eventually entered into 
the memory unit. These operations correspond to the 
operations defined in the above-described item (9). 

Subsequently, while both signal 0 SL2 and signal 0 LM 
5 are set to "H" levels, a signal is read out from the 
memory unit to be outputted. In this case, since the 
noise N M of the memory unit is added to the inverted 
signal (-S 2 - N M ), a sensor signal -S 2 from which the 

f~ : noise component has been removed may be eventually 

i7i 10 outputted. 

^ In this first embodiment, random noise which is 

^ mixed with the signal when the sensor is reset may also 

Ul be transferred to the memory unit during the operation 

£3 (4). Then, since this random noise of the sensor unit 

Ul 15 is removed during the operation (9), a finally produced 

signal -S 2 may have a high S/N, which does not contain 
such a sensor random noise. 

As previously described, in accordance with this 
first embodiment, since the ratio of W( width )/L( length) 
20 of the load MOS transistors is changed, the DC gain of 
the inverting amplifier employed in the pixel of the 
sensor unit is varied from the DC gain of the inverting 
amplifier employed in the memory of the memory unit. 
As a consequence, the AC gain adversely influenced by 
25 the stray capacitance can be made as an ideal value. 

In other words, since the above-explained operations 
are carried out, both the FPN of the signal output from 
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the pixel of the sensor unit and the FPN of the signal 
output from the memory of the memory unit can be 
reduced . 

Next, a description will now be made of a 
5 photoelectric converting apparatus according to a 
second embodiment of the present invention. 

Also, in this second embodiment, in order to make 
the AC gain G ACS of the inverting amplifier coincident 
with the AC gain G ACM , both the DC gain G DCS of the 

10 inverting amplifier and the DC gain G DCM may be made 

different from each other, which may satisfy the above- 
mentioned formula (3). To this end, the size 
(dimension) of the load MOS transistor of the pixel 
employed in the sensor unit is made equal to the size 

15 of the load MOS transistor of the memory employed in 

the memory unit, whereas the size of the amplifying MOS 
transistor of the pixel employed in the sensor unit is 
made different from the size of the amplifying MOS 
transistor of the memory employed in the memory unit. 

20 In other words, a size relationship between the MOS 
transistor 2 and the MOS transistor 18 may be set as 
follows : 

W 2 / L 2 < W 18 / L 18 (note: W 6 / L 6 = W 22 / L 22 ) , 
assuming that a gate width of the MOS transistor 2 is 
25 W 2 , a gate length of this MOS transistor 2 is L 2 , a gate 
width of the MOS transistor 18 is W 18 , and a gate length 
of the MOS transistor 18 is L 18 . 
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If the gate width W 2 is made equal to the gate 
width W 18 , then the gate lengths may be set as follows: 



L 2 > L 18 



Alternatively, if the gate length L 2 is made equal 
5 to the gate length L 18 , then the gate widths may be set 
as follows: 

w 2 < w 18 

It should also be understood that the 
photoelectric converting apparatus according to this 
H 10 second embodiment may be operated in a similar manner 

to that of the first embodiment. 

Subsequently, a photoelectric converting apparatus 
W according to a third embodiment of the present 

C3 invention will now be described. 

CO 

yj 15 Similar to the above-explained first and second 

,p embodiments, in order to make the AC gain G ACS of the 

inverting amplifier coincident with the AC gain G ACM of 
the inverting amplifier, this embodiment is 
characterized in that a gate oxide layer thickness of a 
20 MOS transistor that constitutes the inverting amplifier 
of the pixel of the sensor unit, and a gate oxide layer 
thickness of a MOS transistor that constitutes the 
inverting amplifier of the memory of the memory unit 
are varied, which may satisfy the above-mentioned 
25 formula (3). 

In general, a mutual conductance g m of a MOS 
transistor is given as follows: 
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g m oc (W/L) • C ox = W-e s *e G / LT ox 

As a consequence, to realize the above-described 
featured condition, the below-mentioned relationship 
may be established: 

5 ^0X6 > ^0X22' 

where symbol T ox6 implies the gate oxide layer thickness 
of the MOS transistor 6, and symbol T ox22 indicates the 
gate oxide layer thickness of the MOS transistor 22. 
^ Alternatively, 

z~ s 10 "^0X2 > ^0X18' 

£3 where symbol T ox2 implies the gate oxide layer thickness 

U3 of the MOS transistor 2, and symbol T 0X18 implies the 

Id gate oxide layer thickness of the MOS transistor 18. 

□ It should also be noted that the photoelectric 

[y 15 converting apparatus according to the third embodiment 

may be operated in a similar manner to that of the 
first embodiment. 

While the present invention has been described as 
the first to third embodiments in which the circuit 
20 arrangements of the photoelectric converting 

apparatuses are manufactured by employing the MOS 
transistors, the present invention is not limited 
thereto. For example, the photoelectric converting 
apparatus equipped with the sensor unit, the transfer 
25 unit, and the memory unit may be manufactured by 

employing any types of transistors other than these MOS 
transistors, for instance, bipolar transistors. 
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Although the inverting amplifier is constituted by the 
amplifying transistor and the load transistor, this 
inverting amplifier may be arranged by other circuit 
arrangements capable of obtaining inverted outputs. 
5 As previously described, in accordance with the 

photoelectric converting apparatuses of the first to 
third embodiments, noise can be minimized. 

Also, when this photoelectric converting apparatus 
is utilized in an AF (auto-focus) system of a camera, 

%3 10 since noise may be reduced, for instance, a low 

U 

£0 brightness limit value and a low contrast limit value 

may be increased. As a result, there is such a merit 
hj that the performance of the AF system may be 

£□ furthermore improved. 

n 15 Many widely different embodiment of the present 

invention may be constructed without departing from the 

?— ■ 

L * y spirit and scope of the present invention. It should 

be understood that the present invention is not limited 
to the specific embodiments described in the 
20 specification, except as defined in the appended 
claims . 



